D-L) Combined immunostaining of telomerase-immortalized human mammary epithelial cells (D-F) with a monoclonal antibody to BRCA1 (D) and a polyclonal antibody to MH2A1 (E). Merged image (F). (G)-(L) depict combined immunostaining of HMEC-t (G-I) and WI-38 cells (J-L) for BRCA1 (G and J) and RNA FISH for XIST (H and K). Merged images (I and L). (M)
ChIP (see Experimental Procedures) was performed on 293 cells using purified antibodies to BRCA1, BARD1, and an irrelevant antibody. RNA was extracted from each ChIP and subjected to RT-PCR using primers specific for a region in exon 6 of XIST. The plus and minus signify PCR amplification with and without first round RT. The last two lanes are controls using cellular RNA as template. In experiments performed on HMEC-t, (telomerase-immortalized primary human mammary epithelial cells), WI-38, Ishikawa, and IMR90 cells, 200-300 cells of each asynchronous culture were analyzed for BRCA1 and XIST, focal MH2A1 and XIST costaining, and focal BRCA1 and MH2A1 costaining. In all instances, colocalization refers to costaining of a single, large, discrete nuclear body.
observation prompted the question of whether the not observed in all cells. Indeed, it varied from 4% to 12%, depending upon the cell line/strain analyzed (see BRCA1 interacts with the inactive X chromosome in female somatic cells. (Gilbert et al., 2000) . After ChIP, RNA was isolated and subjected to RT/PCR for XIST. A positive signal for XIST it decorated a specific curvilinear structure that is morphologically suggestive of the XY body. This was conwas observed in the anti-BRCA1 ChIP ( Figure 1M ). No such signal was detected in ChIPs generated with unrefirmed by costaining of BRCA1 in these structures with an antibody to macrohistone H2A1 ( Figure 1C ), a known lated antibodies or when PCR was performed in the absence of a prior RT step ( Figure 1M and data not XY body component (Richler et al., 2000) . The XY body contains the unpaired X chromosome that has become shown). Similar results were obtained with extracts of WI-38 and with two monoclonal antibodies to BRCA1 densely heterochromatic, silenced, and localized at the nuclear periphery, much like the inactive X chromosome (SD118 and SG11, data not shown). ChIP, performed with an antibody to BARD1, a structurally related protein (Xi) in female somatic cells (Handel and Hunt, 1992; Huynh and Lee, 2001 ). Like Xi, the pachytene X is coated that efficiently heterodimerizes with BRCA1, also coimmunoprecipitated XIST RNA ( Figure 1M ). By contrast, with the noncoding XIST RNA and accumulates macrohistone H2A1 (MH2A1), and its histone H3 is methylated the same ChIPs lacked H19 RNA, another noncoding RNA ( Figure 1N ). These findings suggest that BRCA1 on lysine 9 (Ayoub et al. Although an XIST cDNA signal was reproducibly obAnalysis of multiple female human cell lines and strains revealed that in a subset of unsynchronized cells, tained from the ChIP when primers specific for a segment of the internal portion of XIST exon 6 were utilized, BRCA1 immunostaining colocalized with MH2A1 on a discrete nuclear structure (Figures 1D-1F) . Concurrent no such signal was detected when primers that flank the exon 1/2 junction or the exon 5/6 junction were immunostaining for BRCA1 and fluorescent in situ hybridization (FISH) for XIST RNA revealed significant coloused ( Figure 1O ), suggesting that BRCA1 and BARD1 associate with a specific segment(s) of XIST RNA. calization of these signals in a subset of both WI-38 and telomerase-immortalized human mammary epithelial cells (HMEC-t) (Figures 1G-1L) . Colocalization of BRCA1
Absence of XIST Staining in Human and Murine Tumor Cells that Lack Wild-Type BRCA1 and MH2A1 and BRCA1 and XIST on a large nuclear structure was detected in a subset of all lines/strains To determine whether BRCA1 interacts functionally with Xi, we examined features of Xi in tumor cells that lack tested (see Figure 1 and Table 1 Figure 6 and 5A-5C). Replication timing analysis of the X chromosomes by FISH also showed that, unlike normal diploid Table 2 , tumor cells arising in a women with a germline mutation in BRCA1 lack focal H3mK9 staining, while fibroblasts, HCC1937 fail to demonstrate asynchronous replication of their X chromosomes ( Figure 5D ). These bordering normal cells had intact staining. By contrast, The region highlighted with the white box in (A) was examined in higher power on an adjacent frozen section that was processed for IF using H3mK9 Ab. The normal cells at the periphery of this structure show clear unifocal nuclear staining (one focus is highlighted with a white arrow). However, the tumor cells within this cell boundary revealed no discrete staining (Ͻ5% of cells in malignant regions revealed focal nuclear staining when Ͼ200 cells from multiple regions of the tumor were analyzed). Similar results were obtained when frozen sections of two other breast cancers arising in women with germline BRCA1 mutations were stained for H3mK9 (see Table 2 ). (C) DNA FISH using an X chromosome-specific probe was performed on an adjacent section of the same tumor shown in ( Multiple BRCA1 Ϫ/Ϫ primary tumors exhibited defects in Xi chromatin structure, raising the question of whether
